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PROBLEM TO BE SOLVED: To determine a cetane value of the 
used fuel with high accuracy with a comparatively simple 
constitution. 

SOLUTION: An engine is cranked by a starter motor (S2), a 
cranking engine speed is unified (S3, S4), then the fuel injection 
is started, and a temperature Tw of the coolihg water in starting 
is detected (S5). Then the complete explosion is determined 
(S6) at a time when the engine speed Ne reaches a 
predetermined engine speed LSNe, and a time from the start of 
the fuel injection to the complete explosion is detected as a 
time TSTART necessary for the starting (S7). The cetane value 
of the fuel is determined in reference to a predetermined map 
on the basis of the time TSTART necessary for starting and the 
cooling water temperature Tw in starting. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 



1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] the fuel for an internal combustion engine constituted including a means to judge the cetane 
number of the fuel currently used according to a means to detect the temperature of the engine at the time of 
starting, a means to detect the time amount which starting took, and the temperature of the engine at the time 
of detected starting and the time amount which starting took — description — judgment equipment. 
[Claim 2] the fuel for the internal combustion engine according to claim 1 characterized by a means to 
detect the temperature of the engine at the time of said starting detecting any one of engine oil temperature 
and combustion chamber temperature whenever [ engine-coolant water temperature ] as engine temperature 
— description — judgment equipment. 

[Claim 3] the fuel for the internal combustion engine according to claim 1 or 2 characterized by detecting it 
as time amount which starting took time amount after starting fuel injection until an engine detonates 
completely after a means to detect the time amount which said starting took carries out cranking of the 
engine by the external device before starting fuel injection at the time of starting — description — judgment 
equipment. 

[Claim 4] the fuel for the internal combustion engine according to claim 3 characterized by judging with 
complete explosion when an engine speed turns into more than a predetermined rotational frequency — 
description — judgment equipment. 

[Claim 5] the fuel for the internal combustion engine according to claim 3 or 4 characterized by making an 
engine cranking rotational frequency regularity before starting fuel injection — description — judgment 
equipment. 

[Claim 6] the fuel for the internal combustion engine according to claim 5 characterized by having the 
cranking rotational frequency stabilization control means which controls the cranking rotational frequency 
of the engine by the starter motor as said external device to predetermined rotational frequency within the 
limits ~ description — judgment equipment. 

[Claim 7] the fiiel for the internal combustion engine according to claim 5 characterized by making an 
engine cranking rotational frequency regularity in a hybrid car using the electric motor directly linked with 
an engine crankshaft as said external device — description — judgment equipment. 

[Claim 8] the fuel for the internal combustion engine of any one publication of claim 1 characterized by a 
means to have a means to detect an engine cranking rotational frequency, and to judge said cetane number 
judging the cetane number of the fuel currently used according to the temperature of the engine at the time 
of detected starting, the time amount which starting took, and a cranking rotational frequency - claim 4 — 
description — judgment equipment. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] this invention — the fuel for an internal combustion engine — it is related with the 

equipment which judges description, especially the cetane number. 

[0002] 

[Description of the Prior Art] As a conventional example, there is a cetane number sensor well-known at 
JP,3-45181,Y, for example. Since the cetane number of the fuel of a commercial scene varies and stable 
operation cannot do it, the purpose of this conventional example is judging the cetane number of the 
refueled fuel and injecting a fuel to the timing according to the decision value. 

[0003] About the judgment approach of the cetane number, it supposes that there is proportionality in the 
viscosity and the cetane number of a fuel, and had the device which measures the fall time amount of the 
spindle which falls fixed distance with gravity in a fuel tank as a measurement-of-viscosity means of a fuel, 
and the configuration which judges the cetane number is taken further, having applied the amendment based 
on the measurement result of a thermometry means to the measurement-of-viscosity result. 
[0004] As other conventional examples, there is a combustion control system of the diesel power plant of 
JP,1 1-1 07820, A, for example. In this conventional example, it has the ignition stage detection means by the 
cylinder internal pressure sensor, and by dispersion in the cetane number of the fuel in a commercial scene, 
when target ignition stage and real ignition stage differ from each other, fuel injection timing, an EGR rate, 
etc. are changed so that the ignition stage as a target may come. 
[0005] 

[Problem(s) to be Solved by the Invention] However, in the conventional cetane number judging approach 
like above-mentioned JP,3-45181,Y, a device complicated for the measurement of viscosity of a fuel is 
needed, therefore the degree of freedom of a design of a fuel tank is taken, productivity also gets worse, and 
a cost rise is not avoided, either. Furthermore, the function is not demonstrated when a fuel without 
correlation with viscosity and the cetane number is introduced into a commercial scene from now on. 
Moreover, if a car inclines, it is assumed that the friction of the measurement-of-viscosity device in a fuel 
tank itself changes, and exact measurement of viscosity is difficult. 

[0006] In the combustion control system of a diesel power plant like above-mentioned JP,1 1-1 07820, A, 
although the cetane number will be judged by part for the gap to the target ignition stage of a real ignition 
stage, only with a real ignition stage, it is difficult to judge the cetane number correctly, and since it is 
considering as the configuration using a cylinder internal pressure sensor as a real ignition stage detection 
means, a cost rise is not avoided. 

[0007] the fuel for the internal combustion engine which can judge the cetane number of the fuel which this 
invention is a comparatively easy configuration, is accurate, and is using it in view of such the actual 
condition — description (cetane number) it aims at offering judgment equipment. 
[0008] 

[Means for Solving the Problem] It is **** that it is clear that there is close relation to the time amount 
which the engine temperature and starting at the time of starting took, and the cetane number of a use fuel 
by research which this invention persons did. then, a means to judge the cetane number of the fuel currently 
used in invention of claim 1 according to a means to detect the temperature of the engine at the time of 
starting, a means to detect the time amount which starting took, and the temperature of the engine at the time 
of detected starting and the time amount which starting took — containing — the fuel for an internal 
combustion engine — description — judgment equipment is constituted. 

[0009] In invention of claim 2, a means to detect the temperature of the engine at the time of said starting is 
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characterized by detecting any one of engine oil temperature and combustion chamber temperature 
whenever [ engine-coolant water temperature ] as engine temperature in invention of claim 1 . In invention 
of claim 3, in claim 1 or invention of 2, after a means to detect the time amount which said starting took 
carries out cranking of the en gine by the external device (cranking equi pment) before starting fuel injection 
at the time of starting, it is characterized by detecting time amount after starting fuel injection until an 
engine detonates completely as time amount which starting took. In this case, like invention of claim 4, 
when an engine speed turns into more than a predetermined rotational frequency, it is good to judge with 
complete explosion. 

[0010] In invention of claim 5, in claim 3 or invention of 4, before starting fuel injection, it is characterized 
by making an engine cranking rotational frequency regularity. In invention of claim 6, it is characterized by 
having the cranking rotational frequency stabilization control means which controls the cranking rotational 
frequency of the engine by the starter motor as said external device to predetermined rotational frequency 
within the limits in invention of claim 5. 

[001 1] In invention of claim 7, it is characterized by making an engine cranking rotational frequency 
regularity in a hybrid car in invention of claim 5 using the electric motor directly linked with an engine 
crankshaft as said external device. In invention of claim 8, a means to have a means to detect an engine 
cranking rotational frequency, and to judge said cetane number is characterized by judging the cetane 
number of the fuel currently used according to the temperature of the engine at the time of detected starting, 
the time amount which starting took, and a cranking rotational frequency in invention of claims 1-4. 
[0012] 

[Effect of the Invention] According to invention of claim 1 , according to the temperature of the engine at the 
time of starting, and the time amount which starting took, it can write as the configuration which judges the 
cetane number of a use fuel, and the cetane number can be detected comparatively simply and correctly. 
That is, since it became clear that there is close relation to the time amount which the temperature of the 
engine at the time of starting and starting took, and the cetane number of a use fuel by research which this 
invention persons did, while being able to hold down the cost for have a complicated measurement of 
viscosity device like before, and a cylinder internal pressure sensor by judge the cetane number using this 
relation, the above measurement errors can also be cancel and the judgment precision of the cetane number 
becomes good. Thereby, the combustion control according to the cetane number can be performed, and the 
stability and the exhaust air engine performance of combustion can be raised. 

[0013] According to invention of claim 2, the judgment of the exact cetane number is attained by low cost 
by detecting engine oil temperature, combustion chamber temperature, etc. whenever [ engine-coolant water 
temperature ] as temperature of the engine at the time of starting. According to invention of claim 3, after 
carrying out cranking of the engine by the external device before starting fuel injection at the time of 
starting, the judgment precision of the cetane number improves by detecting time amount after starting fuel 
injection until an engine detonates completely as time amount which starting took. 
[0014] Since according to invention of claim 4 it judges with complete explosion when an engine speed 
turns into more than a predetermined rotational frequency, especially, the equipment for a high-order 
detonation judging is unnecessary, and the judgment of the cetane number of it is attained by low cost. 
According to invention of claim 5, before starting fuel injection, by making an engine cranking rotational 
frequency regularity, aggravation of the judgment precision of the cetane number by change of a cranking 
rotational frequency can be prevented, and the judgment precision of the cetane number improves. 
[0015] According to invention of claim 6, also in the usual engine, an engine cranking rotational frequency 
can be made regularity, aggravation of the judgment precision of the cetane number by change of a cranking 
rotational frequency can be prevented, and the judgment precision of the cetane number improves by 
performing cranking rotational frequency stabilization control which controls the cranking rotational 
frequency of the engine by the starter motor as said external device to predetermined rotational frequency 
within the limits. 

[0016] According to invention of claim 7, in order to apply to a hybrid car, i.e., the car which can drive an 
engine by the large-sized motor, it is possible to make regularity easily the cranking rotational frequency of 
the engine at the time of starting, and it becomes realizable with low cost and high degree of accuracy about 
the judgment of the cetane number. Since the cetane number of a use fuel is judged according to a cranking 
engine speed besides the time amount which detected the engine actual cranking engine speed and the 
temperature of the engine at the time of starting and starting took according to invention of claim 8, even if 
it does not make a cranking engine speed regularity, the cetane number can be judged correctly. 
[0017] 
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[Embodiment of the Invention] The gestalt of operation of this invention is explained based on a drawing 
below. Drawing 1 is the system configuration Fig. of the internal combustion engine for cars (here diesel 
power plant of a compression ignition type) which shows the 1 st operation gestalt of this invention. In an 
engine 1 . it is supercharged by the turbocharger 3 (inhalation-of-air compressor), and is cooled more in the 
style of transit by the intercooler 4, and the air inhaled from the inlet pipe 2 flows into a combustion 
chamber 7 from an inlet valve 6, after passing the throttle valve 5 for strengthening a gas flow. A fuel is 
injected directly into a combustion chamber 7 from a fuel injection valve 8. The air which flowed in the 
combustion chamber 7, and the injected fuel burn by compression ignition here, and exhaust air flows out of 
an exhaust valve 9 into an exhaust pipe 10. 

[0018] A part of exhaust air which flowed into the exhaust pipe 10 flows back to an inspired air flow path as 
EGR gas by the EGR piping 1 1 . While EGR cooler 12 which cools EGR gas by the engine cooling water is 
formed, the EGR valve 13 which controls an EGR flow rate is formed in the EGR piping 1 1. the remainder 
of exhaust air — a turbocharger 3 (exhaust gas turbine) a passage — catalyst equipment 14 — passing — 
purifying — having had — after — a vehicle — outside — discharging — having . 

[0019] Starting (cranking) of this engine 1 is energizing on the starter motor 15, and is made by rotating a 
crankshaft 16 by this motor 15. The signal is inputted into the engine control unit (it is called Following 
ECU) 20 from the coolant temperature sensor 22 for Tw detection, the accelerator sensor 23 for accelerator 
opening detection, and the engine start switch 24 grade whenever [ crank angle sensor / for detection of the 
rotation location of a crankshaft 16, and an engine speed Ne / 21 , and engine-coolant water temperature ] for 
control of an engine 1 . 

[0020] ECU20 outputs the fuel-injection command signal for the fuel injection timing to a fuel injection 
valve 8, and injection-quantity control, the opening command signal to the EGR valve 13, the driving signal 
to the starter motor 15, etc. based on these input signals. Moreover, by this invention, in this ECU20, the 
control at the time of starting and the description (cetane number) of the fuel currently used for coincidence 
are judged, it has become possible for you to make it reflected in various control, and control is explained 
below at the time of starting including the cetane number judging of a use fuel. 

[0021] Drawing 2 is the flow chart of control at the time of starting including the cetane number judging of 
the use fuel performed by ECU20. In SI, the engine start switch 24 judges ON and OFF. In OFF, the starter 
motor 15 is changed into the condition of not energizing, by S9, it ends this routine, and, in ON, it 
progresses to S2. 

[0022] In S2, it energizes to the starter motor 1 5 and cranking is started. Then, by controlling the supply 
current to the starter motor 1 5 by general PID control as cranking rotational frequency stabilization control 
etc. S3, the cranking rotational frequency (engine speed) Ne is controlled to predetermined rotational 
frequency within the limits (more than the lower limit LSM below the upper limit HSM), and it judges 
whether it became read in and predetermined rotational frequency within the limits about the engine speed 
Ne detected based on the signal of the crank angle sensor 21 by S4. Consequently, when it is not 
predetermined rotational frequency within the limits, the rotational frequency control by S3 is continued, 
and when it is judged that it became predetermined rotational frequency within the limits, it progresses to 
S5. This part is equivalent to a cranking rotational frequency stabilization control means. 
[0023] In S5, the timer for clocking the time amount which starting took is started. Moreover, injection of a 
fuel is started to coincidence. Moreover, Tw is read into coincidence from the signal of a coolant 
temperature sensor 22 whenever [ engine-coolant water temperature / at the time of starting J. This part is 
equivalent to the detection means of the engine temperature at the time of starting. Then, if it judges whether 
it became more than the predetermined rotational frequency LSNe at which read in and an engine speed Ne 
are equivalent to complete explosion in the engine speed Ne detected based on the signal of the crank angle 
sensor 21 by S6 and has not resulted in the predetermined rotational frequency LSNe, when count-up with a 
timer is continued and it becomes more than the predetermined rotational frequency LSNe, it judges with 
complete explosion and progresses to S7. 

[0024] In S7, the time amount (time amount after starting fuel injection until an engine detonates 
completely) TSTART which starting took is acquired by stopping a timer and assigning the timer value at 
this time to TSTART. This part is equivalent to the detection means of the time amount which starting took. 
Finally by S8, read-out and this routine are ended for cetane number STN of a use fuel with reference to the 
map for a cetane number judging shown in drawing 3 for which beforehand was asked by experiment from 
Tw whenever [ engine-coolant water temperature / at the time of the time amount TSTART which starting 
took, and starting ]. This part is equivalent to a cetane number judging means. 

[0025] Here, cetane number STN is greatly judged, so that the circulating water temperature Tw at the time 
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of starting is low, if cetane number STN is so large that the time amount TSTART which starting took is 
short so that clearly from the map for a cetane number judging of drawing 3 and the time amount TSTART 
which starting took is fixed. By the above, before starting operation of an engine, the cetane number of the 
fuel currently supplied to the fuel tank can he judged correctly, the combus tion control by fuel in j ection 
timing, an EGR rate, etc. according to the cetane number can be performed, and combustion stability and the 
exhaust air engine performance can be improved. 

[0026] In addition, with this operation gestalt, although the usual engine drive car was taken for the 
example, in the hybrid car with which a comparatively big electric motor is directly linked with a 
crankshaft, the cetane number can be judged with a sufficient precision, without carrying out special 
cranking rotational frequency stabilization control (S3) by the electric motor, since cranking by which it was 
stabilized at the time of starting is possible. 

[0027] Next, the 2nd operation gestalt of this invention is explained. With this operation gestalt, a system 
configuration presupposes that it is the same as the 1st operation gestalt ( drawing 1 R> 1), at the time of 
starting including the cetane number judging of a use fuel, is made to perform control according to the flow 
chart of drawing 4 , and explains the flow chart of drawing 4 . In S21, the engine start switch 24 judges ON 
and OFF. In OFF, the starter motor 15 is changed into the condition of not energizing, by S29, it ends this 
routine, and, in ON, it progresses to S22. 

[0028] In S22, it energizes to the starter motor 15 and cranking is started. Then, in S23, the timer for 
clocking the time amount which starting took is started. Moreover, injection of a fuel is started to 
coincidence. Moreover, Tw is read into coincidence from the signal of a coolant temperature sensor 22 
whenever [ engine-coolant water temperature / at the time of starting ]. This part is equivalent to the 
detection means of the engine temperature at the time of starting. Moreover, the engine speed Ne detected 
by coincidence based on the signal of the crank angle sensor 21 is read as an engine cranking rotational 
frequency Nc at the time of fuel-injection initiation (Nc<-Ne). This part is equivalent to a cranking 
rotational frequency detection means. 

[0029] Then, if it judges whether it became more than the predetermined rotational frequency LSNe at 
which read in and an engine speed Ne are equivalent to complete explosion in the engine speed Ne detected 
based on the signal of the crank angle sensor 21 by S24 and has not resulted in the predetermined rotational 
frequency LSNe, when count-up with a timer is continued and it becomes more than the predetermined 
rotational frequency LSNe, it judges with complete explosion and progresses to S25. 
[0030] In S25, the time amount (time amount after starting fuel injection until an engine detonates 
completely) TSTART which starting took is acquired by stopping a timer and assigning the timer value at 
this time to TSTART. This part is equivalent to the detection means of the time amount which starting took. 
In the following S26, a map is chosen from two or more maps for a cetane number STN judging beforehand 
prepared for every engine cranking rotational frequency Nc as shown in drawing 5 according to the value of 
Nc read by S26. 

[003 1] In S27 of the last, read-out and this routine are ended for cetane number STN of a use fuel from Tw 
with reference to the map chosen in S26 whenever [ engine-coolant water temperature / at the time of the 
time amount TSTART which starting took, and starting ]. This part is equivalent to a cetane number judging 
means. Here, if the time amount TSTART which starting took, and the circulating water temperature Tw at 
the time of starting are the same, cetane number STN will be greatly judged like a map with the lower 
cranking rotational frequency Nc. 

[0032] Since according to this operation gestalt the cetane number can be judged with a sufficient precision 
even if it does not hold an engine cranking rotational frequency uniformly, and using large-sized engine 
drive equipment, since it has the map for a cetane number judging for every engine cranking rotational 
frequency at the time of starting, it is applicable without a cost rise to the usual car. [ performing 
stabilization control of a cranking rotational frequency ] 

[0033] In addition, although whenever [ engine-coolant water temperature / which is detected by the most 
common coolant temperature sensor as temperature of the engine at the time of starting ] was used with the 
above operation gestalt, engine oil temperature, combustion chamber temperature, etc. may be used. Engine 
oil temperature is detectable by the oil-temperature sensor generally equipped, and when equipping a 
combustion chamber wall with a wall-temperature sensor, or when equipping a combustion chamber with 
the sensor for temperature-of-combustion detection, these can detect combustion chamber temperature. 
[0034] Moreover, since the time amount concerning starting may change with degradation of a dc-battery 
etc., the decision value of the cetane number may be amended or you may make it set up criteria according 
to the conditions (open end electrical potential difference etc.) of a dc-battery, so that the cetane number 
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may be judged only in the good condition of a dc-battery. 
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[Drawing 2] 
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